Crossbred bulls (n=34) and steers (n=35) were slaughtered at 12 or 13 mo of age. Within 20 min of exsanguination, left sides were electrically stimulated using 15 impulses of 75 voh-AC current. Two longissimus muscle samples from the 12th rib area were removed from each side and vacuum packaged 48 h postmortem. One sample from each side was frozen immediately, while the other was aged in a cooler for an additional 14 d before freezing. The right side of each carcass was separated into boxed, fabricated beef cuts. Bull sides yielded a higher (P<.01) percentage of roasts, thin cuts and lean trim compared with steers. Bulls also produced more (P<.05) high-value steak cuts. Steer sides contained more (P<.01) fat, but there was no difference in percentage of bone between intact males and castrates. Electrical stimulation, aging, sex and interactions of electrical stimulation with aging and aging with sex had significant effects on WarnerBratzler shear value. Tenderness of steaks was improved (P<.01) by castration of bulls, electrical stimulation of carcasses and aging of steaks. Effects of electrical stimulation on tenderness were most marked in the non-aged samples. Also, sex differences were more pronounced in non-aged steaks. Bull steaks that had been electrically stimulated and aged were comparable in tenderness to aged steer steaks.
I ntroduction
Castration of meat animals has been a traditional practice in the United States. However, intact males grow more rapidly and are more efficient in converting feed to edible tissue than steers or heifers. Bulls produce carcasses with less fat and more lean. A major problem with bull beef is consumer acceptance. Meat from bulls is generally darker in color, especially at older ages, and less tender than steer beef. Also, bull carcasses receive lower USDA quality grades (Bailey et al., 1966a ; Arthaud et al., 1969; Field, 1971; Seideman et al., 1982) . Consumers in the United States prefer leaner beef, but with favorable eating qualities. Research is needed to improve the acceptability of bull beef. Slaughtering at a relatively young age and postmortem techniques such as aging and electrical stimulation may enhance the marketability of intact males (Cross, 1979; Winer et al., 1981; Seideman et al., 1982) .
This study was undertaken to evaluate effects of aging and electrical stimulation on tenderness of beef from young bulls and steers. Also, sex differences in percentage of beef cuts processed according to the Institutional Meat Purchasing Specifications (IMPS), fat and bone were assessed.
Materials and Methods
Animals. The Bailey et al. (1982) .
Postmortem Treatment. Within 20 rain of exsanguination, left sides of each carcass were electrically stimulated 4 using 15 impulses of 75 volts (AC), .3 amps, and 60 Hz for a 3-s duration with a 1-s interval between impulses. The electrode was placed in the neck area of the left side of the carcass and was grounded through the rail. Trollies had to be anchored to keep them from rolling because electrical stimulation caused violent contractions in the sides of beef. Right sides remained untreated. Carcasses were then chilled in a cooler at -2 C.
Carcass Evaluation. Bailey et al. (1982) have presented a detailed description of carcass measurements that were recorded 48-h postmortem. A combination pH electrode s and a general-purpose digital pH meter 6 were used for determination of pH of 5-g samples (Lochner et al., 1980) of Iongissimus muscle that were excised from the 12th rib area of the right side of each carcass.
Packaging, Storage and Shear Force. At 48 h postmortem, two longissimus muscle samples were removed from the 12th rib area of both sides of the carcass. Each sample was vacuum packaged. One steak sample from each side was frozen immediately at -25 C while the other was aged for an additional 14-d period at 2 C before freezing. Each steak was thawed at 2 C for 24 h and broiled on an electric, open-hearth broiler 7. Steaks were turned when they reached an internal temperature of 40 C. Temperature was monitored with copper-constantan thermocouples and a strip chart recorder s. Steaks were removed from the boiler when the internal temperature reached 70 C, then cooled for 1 h to room temperature. Cooking loss was based on weights recorded before and after cooking. An electric drill press with a coring device was used to remove three 2.54-cm cores from each 4Lectro-TenderTM, LeFiell Co., San Francisco, CA 94120. Statistical Analysis, Least-squares procedures (Harvey, 1979) were used in the analysis of data, The basic model included terms for sex and breed type-dam birth year group. Electrical stimulation, aging and first-order interactions between sex, electrical stimulation and aging were additional factors in the analyses of shear value and cooking loss.
Results and Discussion
Carcass Characteristics. bscores from 4 (moderately dark red) to 7 (very light cherry red).
CScores from 3 (traces) to 6 (modest).
dscores from 6 (Standard low) to 13 (Choice average).
**P<.01.
(8.84) for bulls. Lean tissue of bulls was darker (P<.01) in color and had correspondingly higher 48-h pH values than did steers. These results are in general agreement with other reports (Bailey et al., 1966a; Arthaud et al., 1969; Field, 1971; Seideman et al., 1982) . Although steers were fatter, there was no significant difference in dressing percentage between the sexes.
Cutability. Bull sides weighed more than steer sides and in most instances the groups of cuts from bulls weighed more than those from steers (table 2) . There was no difference in kidney weight between the sexes; however, there was more fat trim in steer carcasses. Examination of sex differences in weight of beef cut groups expressed as a percentage of total side weight showed that bulls yielded a higher (P<.01) percentage of the more valuable cuts, i.e., steaks and roasts, compared with steers. Bull carcasses also had a higher (P<.O1) percentage of thin cuts and lean trim. As expected, steers had a higher (P<.01) percentage of fat trim than did bulls; percentage of bone was similar between the sexes. Jacobs et al. (1977) found that bull carcasses yielded more edible meat with less fat trim than did steers. They also reported that the two sex groups were comparable in boning loss. Arthaud et al. (1969) determined that bull carcasses yield more total retail product than steer carcasses of the same weight. The greatest advantage in retail cuts occurred in the yield of boneless chuck and ground beef. Bulls also surpassed steers in weight of boneless retail round., There was essentially no difference in the weight of boneless retail loin or rib from bulls and steers. These results were in agreement with observed visual differences in the thickness of arm muscles and outside quarters of live bulls and steers in the Arthaud et al. (1969) study. Mukhoty and Berg (1973) examined sexinfluenced trends in muscle distribution. They reported that heifer carcasses had a higher percentage of muscle in the high-priced regions than did steer carcasses, and steers were superior to bulls, which was contrary to the findings of this study. The same order of sex influence was apparent for muscles in the proximal pelvic limb and abdominal areas (Mukhoty and Berg, 1973) . Bulls had a higher percentage of muscles in the neck and thorax region compared with steers. They also noted that sex differences become more pronounced as cattle mature.
Adjunct analyses were conducted to examine the influence of sex on percentage yield of cuts with fat thickness (Y = 9.45, SD = 4.23 percentage of roast cuts, with fat thickness or marbling score held constant. Koch et al. (1981) concluded that any economic advantage from increased proportion of carcass lean in the high-priced cuts is more readily obtained by decreasing total fat than by selecting for changes in muscle distribution.
Effects of Electrical Stimulation and Aging.
Effects of electrical stimulation, aging and sex on Warner-Bratzler shear force values were highly significant. The interactions of electrical stimulation with aging and aging with sex were also significant. Separate analyses were made for non-aged and aged steaks because of signifi- Further scrutiny of the data revealed that the steer samples that had been electrically stimulated and aged were more (P<.05) tender than bull samples that had been subjected to the same treatments (table 5). The electrically stimulated and aged bull treatment group did not differ (P<.05) from the electrically stimulated steer group or from the aged steer group, which may be considered an industry standard. The aged bull steaks and the untreated steers had higher (P<.05) shear values than the aged steers. The untreated bull group had shear values that averaged almost twice as high as those for steer steaks that had been electrically stimulated and aged.
In most studies, bull shear values have been higher than those for steer beef (Bailey et al., 1966b; Crouse et al., 1983; Riley et al., 1983; Klastrup et al., 1984) . Results on the tenderizing effects of electrical stimulation and aging have also been reported. Winer et al. (1981) found that bullock steaks that were vacuumaged 14 d received higher scores for palatability traits compared with non-aged steaks. Savell et al. (1978) concluded that electrical stimulation and cooler aging for 7 d may be sufficient to improve tenderness of the loin without aging it for 10 to 12 d. Knight et al. (1981) observed that loin steaks from electrically stimulated sides were as tender 3 d postmortem as nonstimulated steaks that had been aged for 6 to 10 d. Martin et al. (1983) showed that the tenderizing effect of electrical stimulation 24 h postmortem was equivalent to that observed after 6 d of aging. They also noted that the effect of electrical stimulation was of similar .99** --1.14"* a2,54-cm core. **P<.01. Other results show less beneficial effects of electrical stimulation and aging on beef tenderization. Klastrup et al. (1984) indicated that electrical stimulation reduced the shear values for semitendinosus muscles, but had no effect on longissimus muscles. In a study by Knight et al. (1981) , electrical stimulation improved the tenderness of loin steaks but had no effect on the tenderness of sirloin, top round and bottom round steaks. Crouse et al. (1983) reported that electrical stimulation had no effect on bull beef tenderness. Results by Parrish et al. (1969) showed that aging had no effect on the shear values of longissimus or semimembranosus muscles of steers. Of course, experimental procedures were not the same in all of the studies cited above. Also, animal age and breed-type varied.
Effects of electrical stimulation and aging on cooking loss were highly significant in our study, and the interaction of electrical stimulation with aging was significant. Aging and electrical stimulation both reduced cooking loss; cooking loss was not affected by sex. Mean cooking loss for non-aged and aged steaks are shown in table 6. Electrical stimulation had the greatest effect in reducing the cooking loss os aged steak.
Other results on the effect of electrical stimulation on cooking loss percentage have varied. Savell et al. (1978) found an increase in the cooking loss of electrically stimulated steaks when compared with nonstimulated samples. Others have not detected a difference in cooking loss due to electrical stimulation (George et al., 1980; Crouse et al., 1983) . Savell et al. (1978) reported a reduction in the cooking loss of aged meat, which agrees with the present findings. In contrast, Parrish et al. (1969) found no difference in the cooking loss of meat that had been aged for varying time intervals.
With respect to sex effects, Riley et al. (1983) reported that nonstimulated steer beef had a lower cooking loss than did steaks from nonstimulated or electrically stimulated bulls. Klastrup et al. (1984) detected no sex difference in the cooking loss of longissimus muscles, although cooking losses for semitendinosus muscles were higher for bulls than for steers. Research by Crouse et al. (1983) showed that steaks from steers had greater thaw shrinkage than did bull steaks, but steer beef had less cooking loss than meat from bulls. 
Item

Conclusions
The economic advantages of raising bulls for meat production are evident. Bulls produced heavier carcasses with larger longissimus muscle areas compared with steers of similar age and background. Bull sides yielded a higher percentage of steak and roast cuts, with a correspondingly smaller percentage of fat compared with steer sides.
Aging and electrical stimulation of bull beef generally enhanced tenderness, reduced cooking loss and improved acceptability of beef. Bull beef that was electrically stimulated and aged was comparable in shear value to aged steer beef, which could be considered the industry standard.
